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circuitry (50,) for providing the primary synchronization
code in response to a first sequence (32). The encoder cir-
cuitry further comprises circuitry (50,) for providing the sec-
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sequence (54) and a third sequence (56). The second
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the plurality of sequences is orthogonal with respect to all
other sequences in the plurality of sequences. The third
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STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable.

BACKGROUND OF THE INVENTION

The present embodiments relate to wireless communica-
tions systems and, more particularly, to communication of
primary and secondary synchronization codes in such sys-
tems.

Wireless communications have become very prevalent in
business, personal, and other applications, and as a result the
technology for such communications continues to advance in
various areas. One such advancement includes the use of
spread spectrum communications, including that of code
division multiple access (“CDMA”) and wideband code divi-
sion multiple access (“WCDMA”) cellular communications.
In such communications, a user station (e.g., a hand held
cellular phone) communicates with a base station, where
typically the base station corresponds to a “cell.” To accom-
plish the communication from a user station to a base station,
the user station must synchronize itself to a base station, and
this synchronization process requires the user station to detect
both a primary synchronization code (“PSC”) and a second-
ary synchronization code (“SSC”) as transmitted from a base
station. The PSC is transmitted with the same encoded infor-
mation for numerous base stations while each base station
transmits a unique SSC. The synchronization process typi-
cally occurs when a user station is initially turned on and also
thereafter when the user station, if mobile, moves from one
cell to another, where this movement and the accompanying
signal transitions are referred to in the art as soft handoff.
Once the PSC is detected, the user station is thereby informed
of the periodic timing of the communications. Once the SSC
is detected, the user station is thereby informed of the data
(i.e., frame) location within the base station communications.
Further, once the user station has detected a unique base
station SSC, the user station also may identify a so-called
group of long codes that is also unique to, and transmitted by,
the base station, where that long code is then usable by the
user station to demodulate data received from the base station.

While various approaches have in the past been proposed
orimplemented in connection with the synchronization meth-
ods described above, the present inventors have determined
that such approaches may be improved. For example and as
detailed later, when a user station attempts to identify the SSC
of a base station, the user station typically implements a
correlation evaluation technique to decipher transmissions
from the base station, where an example of such a technique
is a Walsh-Hadamard transform. The technique effectively
allows the user station to compare different possible SSCs
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with the actual SSC embedded in the base station’s transmis-
sions. When a sufficiently large correlation is detected, then
the user station has a corresponding level of confidence that it
has detected the base station’s SSC. While the preceding
approach provides a certain probability that an SSC will be
detected properly by a user station, it is recognized in con-
nection with the present inventive embodiments that such a
probability may be improved as compared to the prior art.
Specifically, it is further recognized in connection with the
present inventive embodiments that a prior art approach may
provide false SSC detections by the user station, that is, a user
station may conclude that it has detected a base station SSC
due to a high cross-correlation finding during the user sta-
tion’s analysis, when in fact the high cross-correlation arises
from a different SSC that does not correspond to the actually
correct base station SSC. In this case, if the user station
concludes it has detected the proper SSC when in fact it has
detected an erroneous SSC, then the user station may attempt
to communicate with the base station while using an incorrect
SSC and thereby preventing such communications from
properly occurring. Thus, as the user station compares vari-
ous possible SSCs against a base station transmission having
a unique base station SSC, there is a need to present a rela-
tively large correlation detected by the user station when the
proper SSC is being considered as compared to presenting a
relatively small correlation detected by a user station when
other SSCs are being considered. This need is addressed by
the preferred embodiments, as described below.

BRIEF SUMMARY OF THE INVENTION

In the preferred embodiment, there is a wireless commu-
nication system. The system comprises transmitter circuitry,
the transmitter circuitry comprising encoder circuitry for
transmitting a plurality of frames. Each of the plurality of
frames comprises a primary synchronization code and a sec-
ondary synchronization code. The encoder circuitry com-
prises of circuitry for providing the primary synchronization
code in response to a first sequence. The encoder circuitry
further comprises circuitry for providing the secondary syn-
chronization code in response to a second sequence and a
third sequence. The second sequence is selected from a plu-
rality of sequences. Each of the plurality of sequences is
orthogonal with respect to all other sequences in the plurality
of sequences. The third sequence comprises a subset of bits
from the first sequence. Other circuits, systems, and methods
are also disclosed and claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 illustrates a diagram of a cellular communications
system by way of a contemporary code division multiple
access (“CDMA”) example in which the preferred embodi-
ments operate.

FIG. 2 illustrates a CDMA communication frame FR
within which the preferred embodiment may be embedded.

FIG. 3 illustrates a synchronization code generator block
which is effectively comparable to a circuit presented in a
previously-filed patent application.

FIG. 4a depicts a sequence of 128 bits formed by combin-
ing bits selected from the set consisting of values A and B as
well as their respective complements —A and -B.

FIG. 4b depicts the combination of sequence pairs from
FIG. 4a to create 256-bit sequences.

FIG. 5illustrates a synchronization code generator block in
accordance with one preferred embodiment.
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FIG. 6 illustrates a table providing the maximum aperiodic
side lobe (“MAS”) which results by measuring correlation as
between each of 17 individual 256-bit codes when produced
using the synchronization code generator block of FIG. 5.

FIG. 7 depicts the correlation as between 32 comma free
codes made from the individual 17 codes of FIG. 6.

FIG. 8 illustrates a synchronization code generator block as
an alternative preferred embodiment.

FIG. 9 illustrates a table providing the MAS which results
by measuring correlation as between each of 17 individual
256-bit codes when produced using the synchronization code
generator block of FIG. 8.

FIG. 10 depicts the correlation as between 32 comma free
codes made from the individual 17 codes of FIG. 9.

FIG. 11 illustrates a synchronization code generator block
as another alternative preferred embodiment and directed to a
harmonization change.

FIG. 12 depicts the correlation as between 32 comma free
codes made from a group of 16 256-bit codes.

FIG. 13 illustrates a block diagram of base station BST1
and in which any of the various embodiments of synchroni-
zation code generator blocks may be implemented.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates a diagram of a cellular communications
system 10 by way of a contemporary code division multiple
access (“CDMA”) or wideband CDMA (“WCDMA”)
example in which the preferred embodiments operate. Within
system 10 are shown two base stations BST1 and BST2. Each
base station BST1 and BST2 includes a respective antenna
AT1 and AT2 from which each may transmit or receive
CDMA signals. The general area of intended reach of each
base station defines a corresponding cell; thus, base station
BST1 is intended to generally communicate with cellular
devices within Cell 1 while base station BST?2 is intended to
generally communicate with cellular devices within Cell 2.
Of course, some overlap between the communication reach of
Cells 1 and 2 exists by design to support continuous commu-
nications should a communication station move from one cell
to the other. Indeed, further in this regard, system 10 also
includes a user station UST, which is shown in connection
with a vehicle V to demonstrate that user station UST is
mobile. In addition, by way of example user station UST
includes a single antenna ATU for both transmitting and
receiving cellular communications.

In some respects, system 10 may operate according to
known general techniques for various types of cellular or
other spread spectrum communications, including CDMA
communications. Such general techniques are known in the
art and include the commencement of a call from user station
UST and the handling of that call by either or both of base
stations BST1 and BST2. Other techniques are ascertainable
by one skilled in the art.

One aspect of operation of system 10 which is further
enhanced according to the preferred embodiments, and which
in various respects is also reflected in the prior art, includes a
technique known as soft handoff. At this point by way of
introduction, note that soft handoff typically occurs as user
station UST is located in an area that is near the common
border between Cells 1 and 2. For example, assume that user
station UST is progressing from a first location, closer to base
station BST1, to a second location, closer to base station
BST2. In this instance, soft handoff is the process that
attempts to maintain the communications with user station
UST as it moves from base station BST1 to base station
BST2. This process involves operations both at base stations
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BS1 and BS2 as well as at user station UST, some of which are
implemented according to the prior art while such operations
are cumulatively improved upon by the implementation of the
preferred embodiments. To simplify the discussion, both the
prior art and the improvements thereto are separately
addressed below.

According to the prior art, to achieve soft handoff base
stations BST1 and BST2 detect the change in relative physi-
cal location of user station UST by processing signal com-
munications from user station UST. Alternatively, user station
UST may identify a sufficiently strong signal from base sta-
tion BST2 and inform base station BST1 which currently
supports the communication with user station UST. Base
station BST2 thus becomes a candidate for soft handoff. A
system controller may decide to initiate the soft handoff pro-
cess based on the available resources at base station BST2 and
other system conditions. Initially during this time, both base
stations BST1 and BST2 are communicating signals with the
same information in them to user station UST, and user sta-
tion UST properly identifies and demodulates the signals so
that the user of user station UST perceives receipt of only a
single information data stream. As user station UST continues
on its path, however, the controller may issue appropriate
control so that one base station (e.g., BST1) is eventually
controlled to drop (i.e., discontinue) its communications with
user station UST while the other base station (e.g., BST2) is
controlled to continue its communications with user station
UST; this process is performed in a manner that preferably is
unnoticeable to user station UST. In this manner, therefore,
one base station “hands oft” the communication to the other
base station.

The present inventive scope is directed to synchronization
either at start up of user station UST or within the operations
described above relative to soft handoff, where in either case
the inventive scope relates to primary synchronization code
(“PSC”) and secondary synchronization code (“SSC”) trans-
missions by base stations BST1 and BST2 and the identifi-
cation of those codes by user station UST. As introduced
earlier in the Background Of The Invention section of this
document, each base station BST1 and BST2 (and any others)
has a unique SSC. Thus, when user station UST is moving
from cell 1 corresponding to base station BST1, to cell 2,
corresponding to base station BST2, then user station UST
attempts to receive communications from base station BST2;
in this effort, user station UST must identify the SSC of base
station BST2. Further, it is assumed that user station UST
previously identified the SSC of base station BST1 because
such an operation would have been earlier required assuming
either that user station UST was turned on while vehicle V
was within Cell 1 or that user station UST previously moved
into Cell 1 from yet another cell (i.e., an earlier soft handoff
occurred). In any event, as a prerequisite to full signal com-
munications, user station UST must first identify the SSC for
abase station (e.g., base station BST2) because only after that
event can user station UST properly decode data transmis-
sions from that base station. Given the preceding, the pre-
ferred embodiments are directed to improving the communi-
cation of an SSC from a base station to a user station, as
implemented in the transmission of the SSC by a base station
and the identification of the SSC by a user station.

By way of further introduction, FIG. 2 illustrates a CDMA
communication frame FR within which the preferred
embodiment codes may be embedded, where the general
timing associated with frame FR and its division into portions
as described below are known in the art. Frame FR is 10
milliseconds long and is divided into equal duration slots. In
the past it was proposed in connection with the 3G standard
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that the number of these equal duration slots equals 16, while
more recently for purposes of harmonization the standard has
been modified to propose that each frame includes 15 equal
duration slots. Thus, for consistency, the following discussion
will address the example of 15 slots in a frame, while one
skilled in the art will readily appreciate how the preferred
embodiments may be modified to accommodate 16 (or some
other number of) slots in a frame and where certain embodi-
ments detailed later are directed to a 15-slot frame while
another embodiment is directed to a 16-slot frame. In any
event, before harmonization each of the 16 slots had a dura-
tion of 625 microseconds, while after harmonization each of
the 15 slots has a duration of 667 microseconds. For the sake
ofreference, 15 suchslots are shown in FIG. 2 as SL| through
SL,s, and slots SL;, and SL,5 are expanded by way of
examples to illustrate the following further details.

Each slot, including therefore slots SL; and SL, s, corre-
sponds to the communication of 10 CDMA symbols. Further,
CDMA communications are modulated using a spreading
code which consists of a series of binary pulses, and each
piece of CDMA signal transmitted according to this code is
said to be a “chip.” One current CDMA transfer rate is 3.84
Mchips/second and, thus, the 10 millisecond frame FR
includes 38,400 chips (i.e., 3.84 Mchips/second*10 millisec-
onds=38,400). As a result, each of the 15 slots accommodates
a total of 2,560 chips (i.e., 38,400 chips/15 slots=2,560), and
each of'the 10 CDMA symbols within a slot is modulated with
256 chips (i.e., 2,560 chips/slot 1 slot/10 symbols=256).

Returning now to aspects of synchronization between a
base station and user station, and recalling that each base
station BST1 and BST2 transmits a unique SSC, note further
that SSC detection by user station UST is actually part of a
second stage of signal acquisition which is preceded in the
prior art by a first stage of acquisition according to the PSC
also transmitted by each base station. Looking to the first
stage of acquisition, the PSC is the same for all base stations.
To illustrate the PSC and looking to slots S, and SL, 5 in FIG.
2 as examples, each such slots depicts that the PSC is trans-
mitted as one symbol per slot, that is, it is modulated as 256
chips. Further, because frame FR includes 15 slots, then the
PSC is communicated 15 times per frame. Also, each com-
munication of the PSC is in the same relative symbol location
as for all other slots and, by way of example in FIG. 2, each
PSC is therefore located at the location of symbol 1 for each
slot. Given the PSC, user station UST attempts to detect its
existence, such as through the use of a match filter or the like
during the first stage of acquisition. Once the PSC is detected,
user station UST is thereby aware of the periodic timing for
frame FR, and this same timing detection may be made for
successive frames by detecting their PSCs.

FIG. 2 also illustrates the inclusion of the SSC in frame FR.
The transmission of each SSC and its detection by a user
station UST relates to what is referred to in the art as the
second stage of acquisition in the synchronization process, as
improved upon using the preferred embodiments. In the pre-
ferred embodiment, a portion of the SSC is transmitted in the
same symbol location as each PSC, as illustrated by example
at the location of symbol 1 in slots S, and SL,, 5 in FIG. 2
(and, although not shown, also therefore in the symbol 1
location for the remaining slots in frame FR). Thus, 15 por-
tions of the SSC are included within SL, through SL 5 of
frame FR, with the entirety of those 15 portions forming the
complete SSC for the base station that is transmitting frame
FR. Further, the entirety of all 15 portions of the SSC for a
frame are sometimes referred to in the art as a comma free
code for the base station, and each of the 15 portions is
therefore referred to as a comma free code word. Lastly, and

20

25

30

35

40

45

50

55

60

65

6

as stated above, the SSC is unique to each different base
station, while the PSC is the same for multiple base stations.

By way of additional background to PSCs and SSCs, FIG.
3 illustrates a synchronization code generator block 20 which
is effectively comparable to such a circuit presented in U.S.
Pat. No. 7,039,036, issued May 2, 2006 and which is hereby
incorporated herein by reference. The reader is invited to
review the incorporated patent application in greater detail,
butitis noted here that the transmission of the SSCs and PSCs
therein is in an effort to render those signals orthogonal with
respect to one another and to thereby enhance the ability of a
user station to detect those simultaneously-transmitted codes.
Additional details regarding the incorporated patent applica-
tion are also discussed below by way of further context for the
preferred embodiments.

Looking in detail to FIG. 3, block 20 has a first output 20,
for providing a PSC and a second output 20, for providing an
SSC. Each of these signals is further discussed separately
below.

The PSC provided by output 20, is provided by a first
pattern block 22. Pattern block 22 represents some manner of
providing a sequence of bits, where those bits may be pro-
duced by various circuits or stored as factors. The values of
first pattern block 22 represent a generalized hierarchical
Golay sequence, as known in the art and as further detailed in
the incorporated patent application Ser. No. 09/316,193. Fur-
ther, the sequence from first pattern block 22 is a 256 bit
sequence and, thus, these 256 bits are output periodically as
the PSC. Lastly, note that in the incorporated patent applica-
tion this Golay sequence is shown as coupled to an exclusive
OR circuit which further receives a sequence of 256 zeroes;
however, the result of this exclusive OR operation therefore
simply produces the input Golay sequence and, thus, for the
sake of simplicity, this additional structure is not shown in
FIG. 3.

The SSC provided by output 20, is the output of an exclu-
sive OR circuit 24, where a first input 24, of exclusive OR
circuit 24 receives values from a second pattern block 26 and
a second input 24, of exclusive OR circuit 24 receives values
from first pattern block 22 (i.e., the Golay sequence). Second
pattern block 26 produces a pattern of 256 bits, where these
bits also represent a Golay sequence. Thus, exclusive OR
circuit 24 receives two Golay sequences and each signal is
orthogonal with respect to one another. Further in this regard,
FIGS. 4a and 45 further depict the orthogonal sequence pro-
vided by second pattern block 26 to input 24, as now
described. The pattern of FIG. 4a includes two eight-bit
Golay sequences A and B, where these values may be pro-
duced by various circuits or stored as factors, and are as
follows:

A={1,1,-1,1,1,1,1,-1}
B={1,1,-1,1,-1,-1,-1,1}

For each of seventeen sequences X, through X, , shown in
FIG. 4a, it is formed by a combination of A and B and their
complements (shown as —A and -B, respectively). Each of
the seventeen rows of FIG. 4a, therefore, includes a different
128 bit sequence that is orthogonal to the other sequences.
Further, to form each 256 bit sequence, a first 128-bit
sequence from FIG. 4a is concatenated with its complement
as shown in FIG. 44, thereby producing a total of seventeen
sequences S(0) through S(16). Sequences S(0) through S(16)
are coupled to input 24, of exclusive OR circuit 24 which
operates on them and the corresponding Golay sequence bits
received from first pattern block 22, with the result being the
SSC produced at output 20,.

Given the preceding relating to the generation of the PSC
and SSC, and also having illustrated the previous approach of
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synchronization code generator block 20 in FIGS. 3 through

4b, each of these aspects is directed to a goal of improving the

likelihood of correct identification of the PSC and SSC atuser

station UST. While the approach of FIGS. 3 through 45

endeavors to satisfy that goal, it has been observed in connec-

tion with the present inventive embodiments that still further
gains may be made in this regard. Thus, the remaining dis-
cussion is directed to alternative approaches within the inven-
tive scope for generating the PSC and SSC for use in a system
such as system 10 and for inclusion in a frame such as frame

FR, where proper detection of the PSC and SSC and the

operations resulting from that detection are improved over

previous approaches.

FIG. 5 illustrates a synchronization code generator block
30 in accordance with one preferred embodiment. Block 30
has a first output 30, for providing a PSC and a second output
30, for providing an SSC. These synchronization codes, and
the circuits producing them, are further discussed below.

The PSC provided by output 30, is provided by a first
pattern block 32. Pattern block 32 represents some manner of
providing a hierarchical sequence of bits having favorable
autocorrelation properties; for the sake of reference, such bits
are shown generally in FIG. 5 by values A and B (and their
complements), where those bits may be produced by various
circuits or stored as factors or in a memory or the like. In the
preferred embodiment, the values of first pattern block 32
represent a generalized hierarchical Golay sequence, as gen-
erally known in the art. As to the specific sequence, it is
repeated here in the text as:

Golay sequence={A,B,A, B,A B, -A,-B,-A, -B,A B, -A,
-B,-A,-B,A,B,A,B,A,B,-A, -B,A,B,-A, -B,A,B,
A, B}

With respect to those bits, various observations may be
made. First, each of A and B represents an 8-bit value. Sec-
ond, there are atotal of'32 eight-bit values in block 32, thereby
producing a 256-bit PSC which repeats once those 256 bits
are transmitted. Third, the PSC from block 32 is presented by
combining two different 8-bit values, namely, A, and B, as
well as their respective complements, —A and -B. The values
for A and B are as follows:

A={1,1,1,1,1,1,-1, -1}

B={1,-1,1,-1,1,-1,-1,1}

Finally, it is noted that the values shown for A and B are
indicated as real values but would translate to binary bit
numbers by converting a —1 real value to a binary value of 1
and by converting a 1 real value to a binary value of 0.

The SSC provided by output 30, is the output of an exclu-
sive OR circuit 34, where a first input 34, of exclusive OR
circuit 34 receives values from a second pattern block 36 and
a second input 34, of exclusive OR circuit 34 receives values
from a third pattern block 38. The values from pattern blocks
36 and 38 may be produced by various circuits or stored as
factors or in a memory or the like. Further, each of the bit
sequences produced by second pattern block 36 and third
pattern block 38 is separately discussed below.

Second pattern block 36 produces a 256-bit code selected
from a set of various possible 256-bit codes, where each
256-bitcode in the set is preferably orthogonal with respectto
all other 256-bit codes in the set. In the preferred embodi-
ment, the set of codes are derived from what is referred to in
the art as Hadamard codes, which are a type of Walsh codes.
The Hadamard codes of second pattern block 36 are derived
from combining sequences of basic Walsh codes starting
from length two, and increasing the lengths to develop vari-
ous different alternative codes, while maintaining orthogo-

8

nality between each different set of codes. For example, Table
1 below illustrates two basic Walsh codes each having two
bits (i.e., length two).

5 TABLE 1
Bit
Code identifier sequence
Cl, 1
10 €2, 1 -1

The identifiers for the codes in Table 1 have a subscript “2”
to designate the 2-bit length of the code, and the remainder of
the identifier is unique to discuss each different code. The two
codes in Table 1 are orthogonal to one another as proven by
multiplying the bits in the first location of each code to form
a first product and then summing that product with the prod-
uct of the bits in the second location of each code, where
orthogonality is confirmed so long as the sum equals zero; for
the case of Table 1, therefore, this sum indeed equals zero
(i-e.,[(1*1)+(1*-1)]=0) and, hence, code C1, is orthogonal to
code C2,.

Using the bit values in Table 1 as a basis, they may be
expanded to produce four codes, each having four bits (i.e.,

» length four) as shown in the following Table 2:

TABLE 2
30 Code identifier sequétnce
Cly 1 1 1 1
C24 1 1 1 -1
C3y 1 111 -1
35 Cdy -1y 1

The shading used to enclose quadrants of bits in Table 2
assists in understanding the development of its sequences
40 from Table 1. Specifically, the basic codes from Table 1 are
repeated in Table 2 according to the values and ordering of the
bits in Table 1. More particularly, in the codes of Table 1 note
that three of the bit values equal 1, whereas a fourth bit value
equals —1. Using these values as a basis to derive Table 2, then
the entire pattern of four bits in Table 1 is duplicated and
placed in a quadrant position in Table 2 that corresponds to a
comparable bit position in Table 1. Thus, in Table 1, across the
upper row there are two values of 1 and, thus, in Table 2,
across the upper two quadrants, the basis from Table 1 is
50 copied into those two quadrants. Similarly, in Table 1, in the
left location along the lower row there is a value of 1 and,
therefore, in Table 2, in the lower left quadrant the basis from
Table 1 is copied into that quadrant. Conversely, in Table 1, in
the right location along the lower row there is a value of -1
and, therefore, in Table 2, in the lower right quadrant the
complement of the basis from Table 1 is copied into that
quadrant. Finally, from Table 2, one skilled in the art may
readily confirm that each 4-bit code therein is also orthogonal
with respect to every other code in the Table, as again con-
60 firmed by summing the product of all like-positioned bits in
the code, where the result of the sum equals zero.

Given Tables 1 and 2, the same pattern established to
increase the code length such as from two bits in Table 1 to
four bits in Table 2 may be repeated in increasing fashion to
develop a set of 256 codes, where each of those codes has a
length of 256 (i.e., 256 bits selected from the set of 1 and -1).
The resulting 256-bit codes give rise to the Hadamard codes
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for use by second pattern block 36. Specifically, once these
length 256 Hadamard codes are established, the codes used in
second pattern block 36 are found by selecting a subset of
those codes. Specifically, for the example of FIG. 5, every
eighth code from the set is selected until a total of 17 total
codes have been chosen, and let these 17 codes be referred to
as Cl,s¢ through C17,5,. Further, in selecting every eighth
code in the embodiment of FIG. 5, the first pattern from which
the codes may be selected is assumed to be 256 values all
equal to -1 and corresponds to an index value N=0, while
Cl,5 is actually selected to correspond to an index of N=2;
thereafter, each eighth code is selected, that is, the additional
selections correspond to N=10, N=18, and so forth whereby
the seventeenth code C17,, corresponds to N=130. Finally,
having derived the 17 codes described, for every base station
having a code generator block 30, it was assigned a unique
group of 16 codes prior to harmonization (or 15 codes after
harmonization), where the unique group is selected from
these 17 codes and ordered in a particular sequence; further,
within this group one or more of the 16 codes may be a
repeated one of the total 17 codes. For example, a group of 16
such codes might be as shown in the following Table 3:

TABLE 3
Sequence
number Code
1 Clyse
2 Cl4,54
3 Cl2,s6
4 Cl13,s6
5 C5556
6 C9s6
7 Cl2,s6
8 Cl6,s6
9 C3556
10 C73s6
11 Cdyse
12 Cl6,s6
13 C2554
14 Cb3s6
15 C85s6
16 C55s6

Thus, for the example in Table 3, second pattern block 36
provides a sequence of 16 codes, with each code having 256
bits.

Turning now to third pattern block 38, it provides a bit
sequence designated generally as Z, and which consists of the
value A, as used in block 32, where in block 38 the value A is
repeated to match the number of bits output by second pattern
block 36; thus, since second pattern block 36 outputs 256 bits
at a time as shown above, then third pattern block 38 also
outputs 256 bits, where these latter bits are the value A
repeated 32 sequential times (i.e., 32 times*8 bits in value
A=256 bits). In other words, Z, is as follows:
Zi={AAAAAAAAAAAAAAAAAAA,

AAAAAAAAAAAAA}

The operation of synchronization code generator block 30
is now explored. First, the generation of the PSCs is relatively
straightforward in that the Golay values from first pattern
block 32 provide the PSCs, and preferably according to the
above-described values of A and B and according to the
sequence shownin FIG. 5. Second, the generation of the SSCs
arises from the operation of exclusive OR circuit 34. Specifi-
cally, the Hadamard codes from second pattern block 36 are
essentially masked by the sequence Z, from third block 38.
Recalling that the sequence Z, from third pattern block 38 is
based on the value A, it may be further stated therefore that
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this masking value consists of a multi-bit (e.g., eight bits for
A) subset of the Golay sequence used for the PSC. The result
of'this exclusive OR operation is the SSC, that is, the SSC is
formed in response to the Hadamard codes from second pat-
tern block 36 and the sequence Z, from third block 38, and the
resulting SSC is presented at output 30,. Further, from the
preceding it now may be appreciated that the exclusive OR
operation produces a total of 16 quantities, each having 256
bits. Recall also from FIG. 2 that the SSC is communicated in
portions (or comma free words), with each portion occupying
a same symbol location in one of the 16 slots (e.g., 16 slots
before harmonization, or 15 slots after harmonization). Given
this relationship, it now should be appreciated that each of
those portions corresponds to one of the 16 codes from second
pattern block 36 after it is exclusive OR’d with the repeated
value of A. Further, by using the masking value of A in this
manner, it has been determined that the SSCs produced by
synchronization code generator block 30 have a low aperiodic
auto correlation with the PSC. Accordingly, there is an
improved likelihood that user station UST will properly dis-
tinguish the PSC from the SSC, thereby improving overall
system operations. Finally, note that while the preferred
embodiment includes the exclusive OR operation to generate
the SSC as discussed above, in an alternative embodiment the
actual operation could be eliminated by merely storing the
resulting bits of that operation in a memory, look-up table, or
the like, and then just outputting those bits as the SSC. In this
alternative embodiment, therefore, the resulting bits are still
in response to the sequences in block 36 and 38 in that they are
derived from those sequences, yet the derivation is achieved
in some other fashion such as hard coding the bits after
determining them rather than generating them dynamically
using an exclusive OR operation.

While synchronization code generator block 30 has been
shown to provide better operability over previous approaches,
it is further recognized within the present inventive scope that
synchronization code generator block 30 may be improved
further via an alternative embodiment. Before proceeding
with such an alternative embodiment, the improvements it
provides may be appreciated first by further analysis of the
resulting operation of synchronization code generator block
30. In this regard, it has been observed in connection with the
present inventive scope that there is room for improvement
among the aperiodic cross correlations of the different SSCs
produced by synchronization code generator block 30, as
further discussed below.

FIG. 6 illustrates a table providing the maximum aperiodic
side lobe (“MAS”) which results by measuring correlation
between each of the individual 17 codes identified above as
Cl,5¢ through C17,54 as produced using synchronization
code generator block 30, where for simplicity sake in FIG. 6
the 17 codes are only identified by numbers 1 through 17
across the top row and left column of the table. The MAS
reflected in FIG. 6 is determined over all the 256 chip time
shifts for each code versus itself and other codes for 0 Hz
frequency error. For example, the MAS for code 1 relative to
code 2 is 8, whereas the MAS for code 1 relative to code 17 is
128. Given the values in FIG. 6, one skilled in the art will
appreciate that the cross-correlations between codes may be
considered unfavorable, particularly as between certain
codes. Specifically, apart from FIG. 6 it may be determined
that the main peak of an SSC correlation with itself is 256;
however, from FIG. 6, it may be seen that the cross-correla-
tion between some SSCs and other SSCs approach this same
256 peak value. For example, the MAS from code 2 to code 3
is 248, and as another example the MAS from code 4 to code
6 is 240. Thus, these and the other relatively high cross-
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correlations may make it more difficult for user station UST
to properly detect the actual SSC being transmitted by a base
station.

FIG. 7 further illustrates the ability to improve the produc-
tion of SSCs by synchronization code generator block 30 in
that FIG. 7 depicts the correlation as between 32 comma free
codes made from the individual 17 codes identified above as
Cl1,5¢ through C17,5. Specifically, FIG. 7 illustrates for 32
comma free codes the correlation between each of those
comma free codes, each consisting of 16 codes from the set of
codes Cl,54 through C17,5, and all other of those comma
free codes. Further, FIG. 7 illustrates the correlation given
non-coherent averaging over one frame and with an 8-chip
offset. Even with the averaging, the following two observa-
tions may be made. First, the aperiodic auto correlation of the
comma free codes is relatively high (e.g., up to approximately
180) even after one frame of averaging. In practice, depend-
ing upon the multipath this may or may not be a concern;
however, it is preferable as is achieved by an alternative
embodiment below to reduce the aperiodic auto correlation of
the comma free codes. Second, the aperiodic cross correlation
of the comma free codes is also relatively high (e.g., up to
approximately 130) even after one frame of averaging. The
normalized maximum correlation is 256, implying that the
aperiodic cross correlation could be only 6.0 dB below the
main peak in the worst case. This would mean that if there
were a second base station (e.g., BST2) whose synchroniza-
tion channel is received eight chips apart from base station
BST1, then depending on the relative powers, the second base
station could adversely affect the second stage of acquisition
for user station UST trying to acquire communications with
base station BST1. Finally, it may be noted that shifts other
than multiple of eight chips also may have undesirable cross
correlation properties while shifts in the multiples of eight
chips may result in the worst case of such properties; thus, an
improvement may be achieved by providing an alternative
embodiment in which the aperiodic cross correlations of the
SSCs and also of the comma free codes is reduced, as is
achieved by such an embodiment discussed below.

FIG. 8 illustrates a synchronization code generator block
40 as an alternative preferred embodiment. Block 40 has a
first output 40, for providing a PSC and a second output 40,
for providing an SSC. Generally, block 40 implements many
of the same aspects as synchronization code generator block
30 shown in FIG. 5 and, thus, like reference numerals are
carried forward from FIG. 5 to FIG. 8 with respect to such
aspects. Briefly addressing those common aspects, synchro-
nization code generator block 40 provides its PSC as a Golay
sequence from a first pattern block 32, and synchronization
code generator block 40 provides its SSC as an output from an
XOR circuit 34 which has one input 34, coupled to receive a
Hadamard sequence from a second pattern block 36 and
another input 34, coupled to receive a masking pattern, Z,.
Masking pattern Z, for block 40, however, is different than
masking pattern 7, used in block 30 of FIG. 5, and this
difference is further discussed below.

Looking now more specifically to masking pattern Z,, it is
provided from a third pattern block 42, again where the values
shown therein may be produced by various circuits or stored
as factors or in a memory or the like. Further, the value of the
bits in Z, are based on either the value A or its complement,
where the latter is shown in FIG. 8 as A or, for consistency
with other representations above, also may be referred to as
-A.Inany event, the sequence for Z, is also 256 bits, and is as
follows:

Zo={-A, -A, -A -A A -A -A A A A A -A -A A A,

AAA A A A A A A A A A -AA -A A -A)
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Thus, pattern Z.,, like pattern Z, above, is based on a subset
of values also used in the Golay sequence used for the PSC.
For pattern Z.,, this subset is formed from both values A and
-A, whereas for pattern Z, it was formed only by the value A.
In any event, the bits of Z, from third pattern block 42 are
applied via exclusive OR circuit 34 to the corresponding 256
Hadamard bits from second pattern block 36; this operation
thereby masks the bits from second pattern block 36 with the
8-bit increments according to either the value A or its comple-
ment. The result of this exclusive OR operation is the SSC, as
presented at output 40,. Additionally, while the preferred
embodiment of block 40 includes the exclusive OR operation
to generate its SSC, in an alternative embodiment the actual
operation could be eliminated by merely storing the resulting
bits of that operation in a memory, look-up table, or the like,
and then just outputting those bits as the SSC. In this alterna-
tive embodiment, therefore, the resulting bits are still in
response to the sequences in block 36 and 42 in that they are
derived from those sequences, yet the derivation is achieved
in some other fashion rather than generating them dynami-
cally using an exclusive OR operation.

The operation of synchronization code generator block 40
is now explored, although a detailed discussion of various
aspects is unnecessary given the comparable nature to block
30 discussed earlier. The generation of the PSCs in block 40
is the same as for block 30 and, thus, provides the Golay
values directly from first pattern block 32 according to the
above-described values of A and B and according to the
sequence shown in both FIG. 5 and FIG. 8. The generation of
the SSCs arises from the operation of exclusive OR circuit 34,
where for block 40 the Hadamard codes are the same as for
block 30 while those codes are masked by a different
sequence, namely, by Z, from third pattern block 42. Note,
however, that while masking pattern Z, differs from masking
pattern Z,, pattern Z, is also a multi-bit (e.g., eight bits for A
or its complement) subset of the block 32 Golay sequence
used for the PSC. Here again, by using a masking value in this
manner, it has been determined that that the SSCs produced
by synchronization code generator block 40 have a low ape-
riodic auto correlation with the PSC and, indeed, this low
correlation is comparable to that of block 30; thus, the per-
formance of the first stage of acquisition is relatively compa-
rable for block 40 notwithstanding the change from Z, to Z,
as a masking sequence. In addition and as explored below,
however, the use of masking pattern Z, in lieu of masking
pattern Z, also improves the aperiodic cross correlations of
the SSCs and also of the comma free codes for block 40.

FIG. 9 illustrates a table providing the MAS with respect to
synchronization code generator block 40 and for comparison
to the comparable MAS table in FIG. 6 and corresponding to
block 30; thus, FIG. 9 also depicts the correlation as between
each of the individual 17 codes identified above as Cl,54
through C17,,, as determined over all the 256 chip time
shifts for each code versus itself and other codes for 0 Hz
frequency error. As with the case of FIG. 6, the main peak of
an SSC correlation with itselfis 256. However, by comparing
FIG. 9 with FIG. 6, it may be seen that the largest MAS for
block 40 is considerably reduced versus that of synchroniza-
tion code generator block 30. More particularly, in FIG. 9, the
largest MAS is shown to be 128 (e.g., as between codes 9 and
17), whereas in FIG. 6, the largest MAS is shown to be nearly
twice as high, that is, in FIG. 6 the largest MAS is 248 (e.g.,
as between codes 3 and 2). Thus, the cross-correlation values
as between individual codes as presented by block 40 are
improved over those from block 30.

FIG. 10 further illustrates the improved operation of syn-
chronization code generator block 40 in that FIG. 10 depicts
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for block 40 a comparable plot to that shown in FIG. 7 for
block 30; thus, FIG. 10 again plots the correlation as between
each set of 32 comma free codes, each having 16 of the total
individual 17 codes C1,5, through C17,5,, where again the
illustrated correlation is given non-coherent averaging over
one frame and with an 8-chip offset. By comparing FIG. 10 to
FIG. 7, various observations regarding improved perfor-
mance of block 40 may be made. First, both the aperiodic auto
and cross correlation of the comma free codes is now reduced
to a maximum value of approximately 66 which is about 11.8
dB below the maximum correlation of 256. Second, recall it is
noted above with respect to FIG. 7 that a time shift of eight
chips is the worst case, yet the alternative embodiment of
block 40 and as measured in FIG. 10 provides improved cross
correlation for all time shifts, and even for the worst case
instance of 8-chip shifts, the cross correlation is 11.8 dB
below the maximum correlation of 256. Accordingly, the
aperiodic cross correlation properties of the SSCs and the
comma free codes are significantly improved for block 40.
Finally, from the preceding benefits, it may be readily
expected that the performance of stage two acquisition is
further improved as a result of those benefits.

The preceding inventive teachings also encompass still
additional embodiments based on various system consider-
ations. For example, recall above it is noted that in the past it
was proposed in connection with the 3G standard that comma
free codes be selected as groups of 16 codes from a total set of
17 codes, where more recently for purposes of harmonization
the standard has been modified to propose that each comma
free code be formed as 15 codes selected from a total set of 16
(rather than 17) codes. Applying this modification to the
present inventive teachings, one approach may be to simply
discard the last selected code, C17,5,, in the previously-
described selection of codes Cl,54 through C17,5,. Recall
that C17,54 corresponds to an index of N=18; thus, C17,5,
could be eliminated as a possible code, thereby leaving only
16 codes from which each of 15 comma free codes may be
formed. However, it is recognized in connection with the
present embodiments that such an approach could mean that
a length 32 Walsh-Hadamard transform will have to be used
for those 16 codes. Thus, as an alternative approach to satisfy
the harmonization change, still another embodiment is pre-
sented below.

FIG. 11 illustrates a synchronization code generator block
50 as another alternative preferred embodiment, and which is
directed to the harmonization change as well as the inventive
teachings discussed above. Block 50 has a first output 50, for
providing a PSC and a second output 50, for providing an
SSC. Block 50 is comparable in various respects to synchro-
nization code generator block 40 shown in FIG. 8 and, thus,
the differences are primarily explored here with the common-
ality only briefly mentioned and understood to one skilled in
the art based on the previous discussions. With respect to the
common aspects, block 50 provides its PSC using a same
Golay sequence from a first pattern block 32, and block 50
provides its SSC as an output from an XOR circuit 52; dif-
ferent reference numerals are used with respect to this XOR
circuit because the values input to the circuit via its inputs 52,
and 52, differ from previous embodiments, as further detailed
below. However, in a general sense, it readily may be appre-
ciated that XOR circuit 52 receives via its input 52, a Had-
amard sequence from a block 54, and which is derived in a
different manner from that discussed above, and XOR circuit
52 receives via its input 52, a masking sequence Z; from a
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block 56. In response to these inputs, XOR circuit 52 outputs
the SSC on output 50,. Once more, of course, the actual
exclusive XOR operation could be eliminated by merely stor-
ing the resulting bits of that operation in a memory, look-up
table, or the like, and then just outputting those bits as the
SSC.

Looking more specifically to the Hadamard sequence from
block 54, recall first by way of contrast that in the FIG. 5§
embodiment every eighth code from a set of 256-bit codes is
selected until a total of 17 total codes have been chosen. In
contrast, for block 54, every sixteenth code is selected from
the set of 256-bit codes, and here starting at the index value of
N=0. Thus, after the index of N=0, each sixteenth code is
selected, that is, the additional selections correspond to
N=16, N=32, and so forth whereby the sixteenth code for
block 54 corresponds to N=240. Further, having selected the
16 codes, for every base station having a code generator block
50 its block 54 is assigned and uses a comma free code
consisting of a unique group of 15 codes selected from these
16 codes and ordered in a particular sequence.

Looking now more specifically to masking pattern Z, it is
provided from third pattern block 56, again where the values
shown therein may be produced by various circuits or stored
as factors. Here, the value of the bits in Z, are based on the
value A and its complement and also on the value B and its
complement. More particularly, first let the value C as shown
in block 56 have the following value:

C={A, -B}

where the values for A and B are the same as set forth
earlier with respect to synchronization code generator block
30 of FIG. 5. Next, the sequence for Z; is also 256 bits, and
may be represented in terms of the value C as follows:
7={C,C,C,-C,C,C,-C,-C,C,-C, C, -C, -C, -C, -C,

-C}

Thus, pattern Z;, like patterns Z, and Z, above, is based on
a subset of the values also used in the Golay sequence used for
the PSC. For pattern 75, however, this subset is formed from
values A, —A, B, and -B, where each of those is a portion of
the entire pattern used in the Golay sequence to provide the
PSC. In any event, the bits of Z; from third pattern block 56
are applied via exclusive OR circuit 52 to the corresponding
256 Hadamard bits from second pattern block 36; again, this
operation thereby masks the bits from third pattern block 56,
where the mask here is with the 16-bit value of C or its
complement. The result of this exclusive OR operation is the
SSC, as presented at output 50,.

FIG. 12 further illustrates the operation of synchronization
code generator block 50 in that FIG. 12 depicts for block 50 a
comparable plot to that shown in FIG. 10 for block 40. With
reference to FIG. 12, it plots the correlation as between each
set of 32 comma free codes, each having 15 of the total
individual 16 code words (i.e., rather than having 16 codes
from a total set of 17 code words in FIG. 10). In FIG. 12, the
illustrated correlation is given non-coherent averaging over
one frame and with a 16-chip offset. By comparing FIG. 12 to
FIG. 10, it may be seen that FIG. 12 approaches a comparable
level for both the aperiodic auto and cross correlation of the
comma free codes. Further, with respect to FIG. 12, the worst
case aperiodic cross correlation among the comma free codes
at the illustrated 16-chip offset after one frame averaging is
also comparable to the worst-case cross-correlation of the
SSCs shown in FIG. 10. Finally, however, the additional
benefits of FIG. 12 may be realized using only 16 code words
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to thereby comply with the above-discussed harmonization
request, and may be detected using a length 16 Walsh-Had-
amard transform for stage two acquisition.

FIG. 13 illustrates a block diagram of base station BST1 (or
BST2) and in which any of the various embodiments of
synchronization code generator blocks may be implemented.
With reference to FIG. 13, a construction of base station
BST1 according to a preferred embodiment is now described.
One skilled in the art will appreciate that this particular archi-
tecture is provided by way of example only, and that other
base station architectures may be used according to the
present inventive scope.

As shown in FIG. 13, base station BST1 includes amplifi-
ers 62 for driving amplified transmission signals over base
station antenna AT1 (or multiple antennas), and for amplify-
ing signals received from antenna AT1. RF interface function
64 includes the appropriate transmit and receive formatting
and filtering circuitry. Additionally, RF interface function 64
includes analog-to-digital converters for digitizing the ampli-
fied receive signals, and digital-to-analog converters for plac-
ing the transmitted signals into the analog domain. As such,
RF interface function 64 communicates digitally with base-
band interface 65, which provides the appropriate signal for-
matting between RF interface function 64 and baseband
device 60.

Baseband device 60 communicates with the ultimate net-
work, which may be of the E1 or T1 class, or a packet network
as shown in FIG. 13, by way of physical layer interface 75 and
network interface adapter 76. Physical layer interface 75 and
network interface adapter 76 are conventional subsystems,
selected according to the type of network and corresponding
interface desired for base station BST1.

Baseband device 60 performs the digital signal processing
functions in handling the wireless communications at base
station BST1, where such functions include among many
others the function of creating and embedding the PSCs and
SSCs according to any of the synchronization code generator
blocks discussed earlier. To perform these functions, it is
contemplated that baseband device 60 will be a subsystem
including one or more high-performance digital signal pro-
cessor (DSP) devices, such as those of the TMS320c¢5x and
TMS320c6x class of DSPs available from Texas Instruments
Incorporated, along with the appropriate memory and exter-
nal functions suitable for handling the digital processing
requirements of base station BST1. For FIG. 13, the imple-
mentation of baseband device 60 is described according to its
various functions, rather than by way of its construction, it
being contemplated that those skilled in the art will be readily
able to realize baseband device 60 using such conventional
integrated circuits from this functional description, and
according to the capacity desired for base station BST1.

On the transmit side, baseband device 60 includes encode
and modulate function 74, which is coupled between physical
layer interface 75 and baseband interface 65, as shown in FIG.
13. Encode and modulate function 74 receives digital data
from physical layer interface 75, and performs the appropri-
ate digital processing functions for the particular protocol.
For example, encode and modulate function 74 may first
encode the received digital data into symbols. These symbols
are then spread, by way of a spreading code, into a sequence
of chips, according to a selected chip rate; the spreading may
also include the spreading of the symbols into multiple sub-
channels. Typically, a cell-specific scrambling code is then
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applied to the spread symbols, so that a receiving wireless unit
can distinguish transmissions generated by this base station
BST1, from those of neighboring cells. In addition, encode
and modulate function 74 may include the functionality of
any of blocks 30, 40, or 50 described earlier, and thereby
creates and inserts into a frame and at the proper symbol
locations the PSCs and SSCs. Modulation of the spread sym-
bols is then performed; commonly, the multiple subchannels
are split into in-phase (I) and quadrature (Q) groups, so that
the eventual modulated signal includes both components. The
spread spectrum signal is then applied to baseband interface
65, after the appropriate filtering and pre-equalization for
channel distortion, for transmission over antenna AT1 via RF
interface function 64 and amplifiers 62.

On the receive side, baseband device 60 receives incoming
digital signals from baseband interface 65, after digitization
of'the received signals within RF interface function 64. These
signals are applied to chip-rate demodulation and despread-
ing function 68, which derives the transmitted symbols from
the digitized received data. Considering that base station
BST1 receives signals over multiple channels, from multiple
wireless units in its cell, channel estimation function 66 esti-
mates the random channel variation. Channel estimation
function 66 and chip-rate demodulation and despreading
function 68 each provide output to symbol user detection and
combining function, in which the demodulated data are asso-
ciated with their respective channels, following which sym-
bol decode function 72 decodes the received symbols, for
each channel and thus each conversation, into a bit stream
suitable for communication to the network via physical layer
interface 75 and network interface function 76.

From the above, it may be appreciated that the above
embodiments provide a transmitter for use in a wireless sys-
tem and for communicating PSCs and SSCs for stage one and
stage two acquisition. Further, while the present embodi-
ments have been described in detail, various substitutions,
modifications or alterations could be made to the descriptions
set forth above without departing from the inventive scope.
Indeed, various different embodiments have been described
which assist in developing this inventive scope. In addition,
still other changes may be made to the inventive teachings.
For example, the base station transmitter of FIG. 13 is only
one of many transmitter embodiments which may include a
synchronization code generator block according to the teach-
ings of this document. As another example, while a Hadamard
sequence has been shown as preferable to be masked to form
an SSC, other sequences taken from a set of orthogonal codes
also may be used. As another example, while a Golay
sequence has been shown as preferable to form a PSC, other
hierarchical sequences having good autocorrelation proper-
ties may be used. Still further, while the masking sequences
shown herein represent specific alterations to the Golay
sequence wherein a subset of the Golay sequence is used to
mask the Hadamard sequence, other subsets may be selected
or individual bit values may be altered slightly so as not to
depart from the inventive scope. As still another example, the
masking operation preferably achieved with an exclusive OR
operation may be achieved through other data manipulation
as between a masking set of bits and a set of orthogonal codes
(e.g., Hadamard sequences). From the above, therefore, one
skilled in the art should further appreciate the inventive scope
as defined by the following claims.
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What is claimed is:

1. A method of forming synchronization codes for a wire-
less communication device, comprising:

A. providing a primary synchronization code in response to

a first sequence; and

B. providing a secondary synchronization code in response
to a second sequence and a third sequence, the third
sequence being different from the first sequence;

i. the second sequence is selected from a plurality of
sequences, each of the plurality of sequences is
orthogonal with respect to all other sequences in the
plurality of sequences;

ii. the second sequence includes a plurality of code
words and each of the plurality of code words is
selected from a plurality of Hadamard sequences;
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iii. the second sequence consists of fifteen of the code
words; and
iv. the third sequence includes a sequence of bits from
the first sequence, the sequence of bits from the first
sequence is repeated a plurality of times in the third
sequence; and
C. outputting the primary synchronization code and the
secondary synchronization code from synchronization
code generator circuitry.
2. The method of claim 1, wherein the first sequence
includes a hierarchical sequence.
3. The method of claim 1, in which the first sequence
includes a Golay sequence.



